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Abstract  
 Sclerotinia sclerotiorum, which causes white mold, is a damaging fungal disease in 
soybeans [Glycine max (L.) Merr.]. White mold occurs regularly in the upper corn belt of the 
United States where yield loss from outbreaks routinely occur due to the climate with high 
humidity and moderate temperatures. Many cultural practices can be implemented to mitigate the 
negative effect of white mold. This study investigated a novel cultural practice by using 
mechanical cutting, henceforth referred to as mowing, as a white mold defense practice. Mowing 
the soybean plant during early vegetative growth alters the plant architecture and growth habit 
that would allow for better air movement within the canopy, reduce humidity and modify the 
micro-climate in a way that is less suitable for disease development. Mowing was paired with 
two other treatments, fungicide application and lowered population density, to observe how 
treatments interacted. Research was conducted in Iowa, Illinois, Michigan and Wisconsin in 
2017 and 2018. The experimental design was a randomized complete block with at least 4 
replications. Treatments included mowing, seeding rate (80,000, 110,000 and 140,000 seeds per 
acre) and fungicide (boscalid, Endura®). Mowing of soybean plants was done at the V4 growth 
stage when the apical meristem of the plants was removed, and the crop was set back to the 
growth stage V3. Data collected included yield, response to mowing, disease severity, and plant 
height. Mowing reduced disease in mowed plots in multiple locations; however, it also reduced 
yield in all locations. There was less white mold pressure in plots with lower seeding rates and 
fungicide significantly reduced white mold in two of the locations. These results indicate that 
cultural practices such as mowing, reduced plant population and fungicide may reduce white 
mold severity but may not increase yield either in the presence or absence of the crop disease.  
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Introduction 
Soybean [Glycine max (L.) Merr.] exhibits the ability to compensate for the loss of foliar 
tissue by partitioning resources to new vegetative tissue development (Conley et al., 2008). 
Cutting soybean plants during the early vegetative growth stages alters the growth habit of 
soybean plants in a way that keeps the crop canopy open longer, allowing more air movement 
through the canopy, which may disrupt the environment that fungal organisms thrive in. Cutting 
soybean plants in the early vegetative growth stage removes the plants’ apical meristem, also 
known as the terminal bud. The terminal bud is located on the main stem of the plant and is 
important as it is a zone of cell differentiation and the point on the soybean plant where upward 
growth (elongation) occurs. When the terminal bud is removed from the plant (mechanical 
cutting, hail, wind damage, etc.) the hormonal regulating compounds that it produces are 
dramatically lowered in the plant. The terminal bud controls the vegetative growth, reproductive 
growth and the transition period between. The mechanism that the terminal bud exhibits 
dominance is not fully understood, however, it involved a feedback system in which the terminal 
bud sends hormones (auxin) that causes the axial buds to remain dormant until the quantity of the 
hormones changes. In soybeans, as daylength begins to shorten after the summer solstice, the 
reproductive pathway is initiated in the plant that transitions the apical meristem into an 
inflorescence meristem and flowering begins (Wong, 2009). After the terminal bud dominance 
(apical dominance) is removed, the plant tends to branch or develop axillary shoots that were 
previously dormant due to suppression by the terminal bud (Hanway, 1967). The ability to 
deviate from one main stem to developing many branches is a recovery mechanism to 
compensate for tissue loss. Plant recovery is based on the tissue loss and stage of development 
when defoliation occurs (Conley et al. 2008).  
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Soybean morphology. The adaptive response of soybean plants to tissue removal, namely 
the terminal bud, can increase branching at the axillary buds and changes the growth habit from 
vertical to more of a bush-like growth (Herbert and Litchfield 1982). The ability of soybean 
plants to recover from loss of tissue has been demonstrated in previous studies and is observable 
in production fields or nurseries after hail, high wind or heavy insect feeding occurs. Bauer et al. 
(1976) summarized soybean response to terminal bud removal and determined if yield was 
affected by removing the zone of cell differentiation. It was concluded that the soybeans were 
able to recover and did so by axial stem growth or branching as opposed to following the typical 
growth pattern of one main vertical stem. Removing the terminal bud was not successful for 
increasing yield.  
Removing terminal tissue on soybean plants and comparing their performance to 
soybeans planted at traditionally optimal plant densities is possible because of the plasticity of 
soybeans and how they make morphological changes that alter their growth habit depending on 
the space available. Shibles and Weber (1966) demonstrated that soybean plants respond with 
morphological differences when planted at various row spacing and population densities. As 
soybean plants have more space to occupy, they will be less likely to lodge due to the plant 
response in growth-type as the environment changes. Soybeans planted at more dense rates grow 
taller because of increased competition for sunlight between plants while lower population rates 
tend to be shorter and bushier (Shroyer, 1980).  
Fungal diseases. A disease caused by a plant pathogen requires the interaction of three 
components: the presence of the pathogen, a suitable host and the right environmental 
conditions. Elimination of any of these factors prevents disease to develop on the plant. The 
environmental conditions are unfavorable within the crop during early vegetative growth because 
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there is air movement between the surface and the air above the crop. After a period of 
vegetative growth, the soybeans within and between rows eventually merge together and create a 
crop canopy. The lack of air movement and shading underneath the canopy creates a 
microenvironment where the relative humidity is elevated, and the temperature is cooled. This 
cool, humid, shaded and stagnant environment, favors many fungal diseases such as white mold 
(caused by Sclerotinia sclerotiorum (Lib.) de Bary) also known as Sclerotinia stem rot (Peltier et 
al. 2012). 
Mowing of soybean plants to open the canopy and modify the plants’ growth may be 
beneficial is where white mold in soybeans is a major problem. White mold is capable of causing 
significant yield loss. The amount of loss depends on a number of factors including seasonal 
weather, population density, row spacing, tillage practices and history of disease (Peltier et al. 
2012). Sclerotinia sclerotiorum prefers cool, wet, relatively dark environments. Because of the 
variability in yield loss in a given year, it is often economically reasonable to employ cultural 
practices that help soybean plants avoid the disease but lower the maximum yield potential 
(Peltier el al. 2012). Some examples of these methods include lower populations, wider row 
spacing, and preemptive application of fungicides based on climatic cues and growth stages. The 
soybean crop is most susceptible to white mold between growth stages R1 (beginning flowering) 
and R3 (beginning pod) due the presence of senescing flower petals during this period which can 
last up to six weeks in indeterminate soybean cultivars (Fehr et al., 1971) S. sclerotiorum 
produces ascospores that are released by apothecia that then land on and are able to colonize 
senescing or senesced flower petals on the soybean plant. Because senescing flower petals are 
the target of the spores, the time period of R1-R3 is the most critical time to make fungicide 
applications for chemical control of the pathogen (Mueller et al. 2002, Willbur et al. 2019). 
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Application of a fungicide that is labeled for white mold is often carried out on soybean fields 
with a known history of white mold infestations (USDA, 2016). These examples do not 
maximize the yield potential of the crop. When S. sclerotiorum inoculum in the soil build up to a 
high level in the soil that causes routine disease outbreaks, some acres are rotated away from 
soybeans to a crop that is not a suitable host for multiple years in an attempt and reduce the 
viable population (Mueller et al., 2015). Lengthy rotations may be warranted in some scenarios 
as sclerotia have been found to be viable in soil for at least three years (Agrios, 2005). 
White mold is more likely to be found in fields that have high population densities, 
narrow row spacing and early planting dates (Grau and Radke 1984; Kurle et al., 2001). These 
factors typically lead to an earlier or denser crop canopy formation which lends itself to the 
establishment of an environment where S. sclerotiorum apothecia production accelerates (Fall et 
al. 2018). Naturally the cultural practices of wider row spacing, lower population and later 
planting dates can be employed in fields that have a history of white mold pressure. However, 
these management strategies either individually or in combination can reduce the maximum yield 
of the crop (Peltier et al. 2012). In this study, a range of population densities (low, medium and 
high) was evaluated to see how the mowing treatment interacts with population in terms of 
disease severity as well as yield. 
White mold is common in fields where it has a historical presence and in fields where soil 
and environment warrant high seeding rates of soybeans to maximize yield because of the ability 
for sclerotia to survive in the soil for long periods of time between host crops. White mold may 
also spread to different fields by wind or physical transport. High fertility soils that are capable 
of producing greater yields can be where white mold causes more problems. In those instances, 
populations are high and sometimes row spacing is narrowed in an effort to maximize their 
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economic return. Unfortunately, those exact situations lead to early canopy closure, under which 
S. sclerotiorum thrives due to more accumulated hours with optimal relative humidity for 
development of disease. 
Fungal pathogens are common in soybean and are capable of causing a considerable yield 
loss each year primarily depending on weather conditions during critical periods of the growing 
season. White mold is capable of national soybean yield reductions of 60 million bushels (Peltier 
et al. 2012). Breeding for resistance, whether intentional or naturally by way of selection, via 
genetic traits, major QTLs, or favorable phenotypes has produced modern cultivars that have 
helped farmers manage against several major pests. However, currently some diseases are still 
not well mitigated by cultivar resistance alone and need to be coupled with cultural defense 
practices. Little soybean resistance to white mold has been identified to date, which is why it is 
of interest that the other methods might offer a solution. 
Planting populations. Another component to this study is evaluating white mold 
development and yield when soybeans are planted at different populations. It has been 
demonstrated in previous experiments that soybeans have different growth characteristics when 
planted at different populations. In a study by Norsworthy and Shipe (2005), results show that 
soybeans planted at lower populations or in wider row spacing tend to branch more than their 
counterpart and also that seed yield partitioned to the branches accounted for a significant 
portion of the overall yield. Norsworthy and Shipe (2005) concluded that percentage of yield 
from the mainstem is a better contributor to overall yield when compared to plants with a 
significant percentage of yield attributable to seed yield from branches. This might explain why 
Bauer et al. (1976) did not observe an increase in yield in their study to determine if seed yield 
could be increased by decreasing apical dominance of the plant. Norsworthy and Shipe (2005) 
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also speculate in their writing that branching may be partially controlled by genotype regardless 
of planting arrangement and therefore growth habit (tall/bushy) cultivar selection for this study 
should be considered. 
There is a great deal of historical information regarding the optimum plant population for 
soybeans, however the topic does not have much recent research considering white mold as a 
factor. What is considered optimum has been re-visited as the cost of soybean seed rapidly 
increased since the late 1990s when farmers began purchasing seed with licensed technology 
rather than planting seed pulled from on-farm grain storage. The increased cost of soybean seed 
since that transition has caused us to consider how much return on investment there is 
considering that De Bruin and Pedersen (2008) demonstrated that final plant populations of 
greater than 100,000 plants per acre do not increase the yield significantly. Furthermore, seed 
treatments (both fungicide and insecticide) are commonly used in soybean production today and 
their use may support the use of lower seeding rates since they improve stand both after planting 
and at harvest (Gaspar et al. 2015).  
Fungicide applications. There are currently a limited number of fungicides that are 
labeled and registered for white mold (Peltier, 2012; Willbur et al. 2019). This list of active 
ingredients labeled include group 1 (thiophanate-methyl), group 3 (prothioconazole, 
tetraconazole), group 7 (boscalid), group 11 (azoxystrobin, picoxystrobin), group 29 (fluazinam), 
and pre-mixes of active ingredients in these groups (Crop Protection Network 2019). The lack of 
movement by systemic fungicides within the plant and the relatively long period of flowering by 
soybean plants are two reasons that fungicides have variable control of white mold in soybeans. 
Soybeans flower from growth stages R1-R2, until pod development is occurring at all nodes 
which can last multiple weeks in indeterminate soybeans. Since S. sclerotiorum targets senescing 
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flower petals and causes white mold, the plant is susceptible for a long duration of time. 
Fungicides with little mobility in the plant cannot protect the plant for these long periods. 
Additionally, in high yielding environments where plant population is high and/or row spacing is 
narrow, the soybean crop will rapidly reach full canopy. Fungicide effectiveness is dependent on 
complete coverage because of their limited mobility in the plant. During full canopy, it is 
difficult for the applied fungicide to penetrate the canopy, leaving some flower petals untreated 
and susceptible (Mueller et al. 2002). 
Objectives. Little is known about the influences of mowing and adjusting plant 
population as forms of canopy manipulation and their interactions on the incidence and severity 
of white mold in soybean. This study evaluated the response of soybean canopy manipulation by 
way of mowing and population as well as fungicide application and the interaction of these 
treatments. 
 
Materials and Methods 
 
 
Locations. Field experiments were established in four states in 2017 and 2018. In 2017, 
experiments were conducted near Ames and Nashua in Iowa, Arlington, Wisconsin, Mascoutah, 
Illinois, and Montcalm, Michigan (Table 1). The Ames, Arlington, Montcalm and Nashua 
locations were selected for their higher risk of white mold occurrence. The Mascoutah site did 
not have a history of white mold. In 2018, the experiment was duplicated in different fields near 
these locations except for Ames, IA which was not planted. 
Treatments and plot design. A total of 12 treatments were tested with four replications at 
each location, for a total of 48 plots per location. Treatments were arranged in a randomized 
complete block design with a factorial arrangement. In brief, treatments evaluated were seeding 
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rate, foliar fungicide application and mowing. Details of each treatment are included in Table 2. 
Three targeted seeding rates were 80,000, 110,000 and 140,000 seeds per acre. The two foliar 
fungicide treatments were boscalid (Endura®, BASF, Research Triangle, NC) applied at 8 fl. oz 
at the R1 growth stage and the no spray control. The mowing treatment, which either was done 
on all four rows or the two center rows, was conducted at approximately vegetative growth stage 
four (V4) with the goal of removing one node and setting the plants back to vegetative growth 
stage three (V3). There were two methods used for mowing. The most common method was to 
use a 3-point mounted mower implement. An alternative method was to use a hedge trimmer that 
was mounted to an aluminum frame on wheels that had the ability to cut two rows at a time and 
in 2018 where it was too wet to enter the field with a tractor in Nashua, a Stihl (Waiblingen, 
Germany) weed trimmer (Model FS 100 RX-2) was used. All methods resulted in relatively 
uniform cut across the plot.  
The Mascoutah location had eight rows per plot, each plot was 37.5 ft. long and rows 
were set to 30-inch spacing between rows in both 2017 and 2018. Both the Nashua and Ames 
locations had four-row plots that were planted in 17.5 ft. lengths and were set to 30-inch spacing 
between rows in both 2017 and 2018. The Montcalm location had four rows per plot that were 
planted in 17.5 ft. lengths and were set to 30-inch spacing between rows in 2017 while in 2018 
six rows were planted per plot in 20 ft. lengths were set to 15-inch spacing between rows. The 
Arlington location had four rows per plot, each planted in 20 ft. lengths and were set to 30-inch 
spacing between rows. In all locations, the center rows were used for data collection and were 
harvested for yield to preclude any border effects. 
Data collection. Data collection included stand counts after emergence, visual assessment 
of soybean response to mowing at V4, nodes remaining after mowing, white mold incidence and 
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severity, plant height at maturity, date of maturity, yield and moisture. The experiments were 
planted at normal planting dates or as close thereof as possible for the given area. In 2017, 
soybeans were planted between 13 May and 6 June and in 2018 soybeans were planted between 
from 7 May and 5 June. Stand counts were collected after emergence to assess the standing 
population in the field compared to the planted population (Table 2). The mowing treatment was 
conducted between V4 and V5 in each trial. A few days after the mowing treatments were 
conducted the plots were assessed to qualitatively measure soybean response. The mowing 
response assessment used a visual estimation of percent defoliation by comparing the treated 
rows (center) to the border rows that were not mowed. Another qualitative means of assessing 
the mowing treatment was to count the nodes on five plants in untreated rows versus treated rows 
and calculate the average node per plant. White mold incidence and severity notes were collected 
if the disease was present. White mold incidence was recorded by counting the number of plants 
with white mold infestation out of 30 plants in the middle of 2nd and 3rd rows of each plot. 
Severity was scored in 0-3 scale (0= no disease, 1 = disease on petioles, side secondary stems, or 
dark limited lesions around the base of one of these, 2 = disease on the main stem which does not 
fully girdle (go all the way around) the main stem, 3 = disease girdling the main stem, wilt, and 
plant death) on 30 plants in the plot. The white mold disease index (DSI) was calculated from the 
white mold incidence and severity data. 
 The center two or four rows were harvested to avoid border effect at harvest maturity. 
Locations harvested with machinery that they typically use when collecting yield trial data. In 
Illinois, a Case International Harvester 2388 combine with a four-row row crop head was used. 
The combines were calibrated for weight and moisture prior to harvest and on-board software 
captured weight, moisture and converted the information to yield in bushels per acre. 
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Data analysis. After data were collected and compiled, a statistical analysis was 
performed in Statistical Analysis System (SAS) version 9.4 (SAS Institute Inc, Cary, NC.). A 
mixed-model analysis of variance was performed using the GLIMMIX procedure where 
treatment was defined as fixed factor and replication as random factor. Each location was 
analyzed separately. LSmeans of the treatments were estimated using LSmeans statement. 
Fisher’s protected LSD was used to separate the treatments LSmeans at alpha α = 0.05.  
 
 
Results 
 
  
Yield. The yield of mowing soybeans was statistically lower than the non-mowing 
treatment at six of the nine trials (Table 3). Overall, the average difference was 12.9% less (8.6 
bu/ac) for the mowing treatments when compared to the plots that did not receive the mowing 
treatment. Seeding rate had significant yield difference in only two of the nine trials (Mascoutah 
and Montcalm in 2018). The mean for the 80,000 population treatment was 52.3 bu/ac, the mean 
for the 110,000 population was 55.2 bu/ac and the mean for the 140,000 population was 56.7 
bu/ac overall (Table 4). The fungicide treatment was statistically significant at two of nine 
locations for yield (Table 4). Where significant, fungicide treated plots produced greater yield 
than non-sprayed plots.  
In general, the interaction between the mowing and population treatments was not 
significant. The mowed plots were outperformed by the non-mowed plots in all instances. 
Overall, mowed plots yielded 10.7% (6.9 bu/ac) less than non-mowed plots at 80,000 plants/ac 
seed rate, 10.9% (7.2 bu/ac) less at 110,000 seeds/ac rate and at 140,000 seeds/ac seed rate 
mowed plots were 16.4% (11.5 bu/c) less than the non-mowed plots (Table 5). None of the two-
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way or three-way interactions (population × fungicide, mowing × fungicide, population × 
mowing x fungicide) were significant (Table 3).   
White mold. White mold was significantly different between populations at both 
Arlington and Montcalm in 2017 and in general the trend was similar. Overall, the lower seeding 
rate had less white mold (Tables 6 and 7) than the higher rates. Significant effects of the mowing 
treatment on white mold severity was observed in Arlington 2017, Nashua 2017 and Nashua 
2018. The interaction was nearly significant at Montcalm in 2017 (P = 0.093) (Table 7). There 
was no significant interaction between mowing and population treatments at any other locations. 
The fungicide treatment had significant differences in white mold severity at two locations; 
Montcalm, 2017 and Montcalm 2018 (Table 7). Fungicide reduced the white mold severity by 
68% (2017) and 26% (2018) in those locations. There were no significant interactions observed 
between the mowing and fungicide application. The three-way interaction of population, mowing 
and fungicide was not significant as well. 
 
 
Discussion 
 
Mowing soybeans at the V4 stage of development was done to alter plant architecture by 
removing the apical meristem (Teigen, 1975); mowing was detrimental to yield in this study 
when compared to non-mowing treatments. The mean yield across all locations and all years was 
-8.7 bu/ac was lower in mowed plots than the non-mowed plots and in one location the mowing 
treatment average yield was nearly 22 bushels lower than the non-mowed treatments. The results 
support the hypothesis that the cutting treatment does tend to lead to lower white mold severity 
due to the manipulated micro-environment below the canopy. By removing the apical meristem 
with the mowing treatment, the soybean plant will alter the plant architecture to a shorter, 
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bushier growth with less main stem dominance and more branching (Bauer, 1976). The resultant 
plant architecture delays canopy closure and also increases air mixture under the canopy creating 
an environment that is less favorable to infection and fungal growth (Peltier, 2012). There were 5 
locations over the 2-year period of this study that received enough white mold to record data on 
and there was significantly less disease at 3 out of the 5 locations, while being nearly significant 
at Montcalm 2017. Since most fields that soybeans are grown on are not perfectly flat, getting 
uniform cutting height across an entire field would be a challenge.  
 Decreasing the plant population is a cultural method for controlling white mold (Grau, 
1984) and is another way to manipulate the micro-environment of the canopy by providing more 
space between plants and lowering the relative humidity within the canopy compared to high 
population densities. The yield response to seeding rate or plant population was not significant in 
most of the trials. Studies have demonstrated that soybeans experience a diminishing return in 
yield when compared to seeding rate (Chen, 2011) where a yield increases with seeding rate until 
a plateau is reached. Even in the Mascoutah 2018 treatment, where population did have a 
significant yield effect, the treatment of 140,000 seeds per acre only had a little more than a 2 
bushel per acre advantage over the 80,000 seeds per acre treatment. The data also indicate a 
general trend that the lower the seeding rate, the lower the white mold severity which supports 
our hypothesis (Smith et al., 2020). The Montcalm location planted their plots with 30-inch row 
spacing in 2017 and changed to 15-inch row spacing in 2018. Montcalm did observe recordable 
white mold pressure in both 2017 and 2018, however, even though reports were that 2018 had 
more disease pressure than in 2017, the white mold severity was not significant between the 
population treatments. Although the sample size isn’t large enough to draw any conclusions, that 
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information might indicate that row spacing had a greater effect on white mold pressure than 
population density did in this study. 
 Interaction of seeding rate and mowing for yield was significant only at Arlington, WI in 
2018. In Arlington in 2018 there was a 6 bushel per acre advantage for the mowed treatment at 
the 80,000 seeding rate, no difference at the 110,000 seeds/ac rate and a more than 17 bushel per 
acre advantage for the non-mowed treatment at the 140,000 seeds/ac rate. The lower seeding 
rates did not interact with the cutting treatment as expected. In all other locations the non-mowed 
plots held a yield advantage over the mowed plots (Table 3). I expected that the lower seeding 
rates would compete with each other (mowing versus non-mowing treatments) because of the 
ability for the plants to grow without as much competition within the planted row (Shroyer, 
1980) but according these data, the mowed plants didn’t recover from the physiological setback 
of mowing in a way that was competitive with non-mowed plants. 
 Finally, the fungicide treatment resulted in significant yield differences in 2 out of the 9 
locations. Fungicide treatment was expected to have a much higher effect on yield due to 
increased plant health, especially during the early R1 period. The treatment was significant in 
Mascoutah (2017) and Montcalm (2017). The yield was actually negative for the fungicide 
treatment in 3 locations, although none of those were statistically significant. In general, the 
fungicide sprayed, and non-sprayed yields were similar. Fungicide treatment did have some 
significant effect in white mold severity both years in Montcalm. Overall, the fungicide 
treatment did not lead to better yields, although it is positive that there were significant effects on 
white mold at the Montcalm location in both years since that location did report strong white 
mold pressure. 
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Conclusion 
The goal of this study was to determine if the micro-environment in a soybean field could 
be altered to reduce the risk of white mold. Mowing the soybeans during early vegetative growth 
prompted increased axial branching and resulted in a less dense, more open canopy. Results 
document that although mowing during vegetative growth does show some merit for controlling 
white mold in soybeans, there was a large negative effect on yield, and that loss of yield. This 
wide range adds the complexity of risk to employing the mowing as a defense mechanism during 
crop growth. In some cases, a decline in yield from mowing may be more tolerable than the loss 
of yield from white mold. However, white mold cannot be detected until long after the window 
for this treatment has closed. In other words, even if the loss of yield would be less from 
mowing, the decision would have to be made prior to disease establishment in the crop which 
would likely have to be prior to R1 since the disease would not be established until after that 
point and mowing after R1 would likely be more detrimental to yield. Because of the wide range 
observed in this study, I would recommend using other management strategies, preferably in 
combination, before conducting mowing of the soybean plant to manage white mold. Using 
strategies that mimic the physiological effects of mowing might be considered. Wide row 
spacing and inter-row spacing (low population) have been shown to reduce white mold severity 
(Grau, 1984) and this study suggests that altering plant growth habit to a bushier plant-type is a 
plausible way to curb white mold effects. Because of this, selecting cultivars with a bushier 
growth habit, as opposed to one with a more vertical main stem growth habit, to use in concert 
with wide row spacing and low population might be a strategy that could lower white mold 
severity without compromising yield. 
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 Other questions relating to this study occurred while conducting research, collecting data 
and interpreting results. For instance, how might growth regulators might be added to a future 
study, and how critical the time of cutting (vegetative stage) is when it comes to yield. From the 
data and observations reported during this study, I suspect that row spacing as a variable 
influences white mold pressure much more so than seeding population but understanding how 
row spacing and seeding rate interact together in terms of reducing white mold severity would be 
an interesting topic. 
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Table 1. Field locations, plot information and other field activates performed in experiments 
conducted in Illinois, Iowa, Michigan and Wisconsin during 2017 and 2018. 
Year City, State 
Date # Rows 
per plot 
Plot 
length 
(feet) 
Row 
spacing 
(inches) Planting Mowing Spraying Harvest 
2017 Ames, IA 6-Jun 13-Jul 28-Jul 17-Oct 4 17.5 30 
 Arlington, WI 30-May 7-Jul 13-Jul 18-Oct 4 20.0 30 
 Mascoutah, IL 26-May 29-Jun 13-Jul 9-Oct 8 37.5 30 
 Montcalm, MI 19-May 6-Jul 17-Jul 19-Oct 4 20.0 30 
 Nashua, IA 13-May 21-Jun 11-Jul 9-Oct 4 17.5 30 
2018 Arlington, WI 7-May 18-Jun 29-Jun 29-Sep 4 20.0 30 
 Mascoutah, IL 5-Jun 3-Jul 9-Jul 25-Oct 8 37.5 30 
 Montcalm, MI 24-May 3-Jul 25-Jul 22-Oct 6 20.0 15 
 Nashua, IA 17-May 20-Jun 6-Jul 23-Oct 4 17.5 30 
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Table 2. List of the treatments in field trials conducted in Illinois, Iowa, Michigan and 
Wisconsin during 2017 and 2018.  
Treatments 
Seeding 
population 
Mowingy  Fungicidez 
1 80,000 None None 
2 110,000 None None 
3 140,000 None None 
4 80,000 None Endura 
5 110,000 None Endura 
6 140,000 None Endura 
7 80,000 Cut at V4 None 
8 110,000 Cut at V4 None 
9 140,000 Cut at V4 None 
10 80,000 Cut at V4 Endura 
11 110,000 Cut at V4 Endura 
12 140,000 Cut at V4 Endura 
y Mowing constituted of cutting soybean plants at the V4 growth stage (Fehr et al., 1971) and 
removing the uppermost node. 
z Fungicide was boscalid (Endura®, 8 fl oz) applied at growth stage R1 
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Table 3. P Values for testing treatment effects on yield for all locationsy in 2017 and 2018. 
 
Treatments z 
Ames, 
IA 
Arlington, 
WI 
Mascoutah, 
IL 
Montcalm, 
MI 
Nashua, 
IA 
2017 Pop (P) 0.361 0.128 0.839 0.119 0.727 
 Mow (M) <0.001 <0.001 0.354 <0.001 <0.001 
 P × M 0.314 0.232 0.248 0.756 0.117 
 Fungicide (F) 0.360 0.685 0.009 0.019 0.197 
 P × F 0.156 0.874 0.342 0.528 0.412 
 M × F 0.184 0.064 0.758 0.969 0.091 
 P × M × F 0.160 0.520 0.596 0.658 0.245 
       
2018 Pop (P) . 0.687 0.003 <0.001 0.145 
 Mow (M) . 0.214 0.214 0.008 <0.001 
 P × M . 0.010 0.215 0.092 0.543 
 Fungicide (F) . 0.994 0.581 0.300 0.877 
 P × F . 0.979 0.060 0.088 0.261 
 M × F . 0.359 0.652 0.993 0.869 
 P × M × F . 0.705 0.243 0.510 0.266 
y Locations were Ames and Nashua, Iowa, Arlington, Wisconsin, Mascoutah, Illinois, and 
Montcalm, Michigan 
z Pop = population, Mow = mowing, Fung = fungicide. 
 
 
  
27 
 
Table 4. Least square means of soybean yield (bu/A) recorded for main treatments in field trials 
conducted in Illinois, Iowa, Michigan and Wisconsin during 2017 and 2018. 
   Mowingy Seeding Population Fungicidez  
Year City, State 
No 
Mowing Mow 80,000 110,000 140,000 
No 
fungicide Fungicide 
2017 Ames, IA 49.2 a 32.0 b 39.7 a 39.9 a 42.2 a 41.4 a 39.9 a 
 Arlington, WI 65.7 a 55.2 b 58.7 b 59.9 ab 62.8 a 60.8 a 60.1 a 
Mascoutah, IL 62.2 a 61.2 a 62.1 a 61.3 a 61.6 a 60.2 b 63.2 a 
Montcalm, MI 64.1 a 52.5 b 55.9 b 61.1 a 59.5 a 56.3 b 61.3 a 
Nashua, IA 62.8 a 55.2 b 58.7 a 58.6 a 59.8 a 59.9 a 58.1 a 
2018 Arlington, WI 83.0 a 79.3 a 79.6 a 81.0 a 82.8 a 81.1 a 81.2 a 
 Mascoutah, IL 73.9 a 73.2 a 72.0 b 74.3 a 74.3 a 73.4 a 73.7 a 
Montcalm, MI 76.0 a 71.9 b 69.6 b 72.0 b 80.3 a 73.2 a 74.7 a 
Nashua, IA 65.5 a 44.0 b 52.3 a 55.2 a 56.7 a 54.6 a 54.9 a 
Mean 66.9 58.3 61.0 62.6 64.4 62.3 63.0 
y Mowing at V4 cut off the top node of the plant, removing the apical meristem. 
z Fungicide = applied with Endura® at growth stage R1 (beginning flowering).  
 
a, b, c letters following means indicate significant differences at α=0.05 for each treatment main 
effect (mowing, population, fungicide) within each location.  
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Table 5. Least square means of soybean in yield (bu/A) recorded for interaction between 
population and mowing treatments in field trials conducted in Illinois, Iowa, Michigan and 
Wisconsin during 2017 and 2018. 
 
a, b, c letters within a row following means indicate significant differences at α=0.05. The 
population densities all had untreated checks in the experiment (No Mowing = untreated. Mow = 
treated with mechanical cutting). 
 
  
  80,000 110,000 140,000 
Year City, State 
No 
mowing Mow 
No 
mowing Mow 
No 
mowing Mow 
2017 Ames, IA 47.0 a 32.5 b 48.3 a 31.6 b 52.4 a 32.0 b 
Arlington, WI 62.5 b 54.8 c 64.6 ab 55.2 c 70.1 a 55.6 c 
Mascoutah, IL 63.8 a 60.5 a 60.7 a 62.0 a 62.2 a 61.1 a 
Montcalm, MI 60.4 ab 51.4 c 66.1 a 56.0 bc 65.8 a 53.2 c 
Nashua, IA 61.2 a 56.2 b 61.7 a 55.5 b 65.6 a 54.0 b 
2018 Arlington, WI 76.7 b 82.5 ab 81.0 b 81.1 b 91.3 a 74.3 b 
Mascoutah, IL 71.7 c 72.3 bc 75.3 a 73.4 abc 74.7 a 73.9 ab 
Montcalm, MI 73.8 b 65.3 c 73.3 b 70.8 b 80.8 a 79.7 a 
Nashua, IA 62.8 a 41.8 b 65.1 a 45.4 b 68.8 a 44.6 b 
 
Means 64.4 57.5 66.2 59.0 70.2 58.7 
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Table 6. P Values of white mold components for all locations and years that data were collected. 
 2017   2018  
 Arlington Montcalm Nashua Montcalm Nashua 
Population 0.058 0.004 0.747 0.294 0.606 
Mowing 0.009 0.093 0.024 0.849 0.046 
Population × Mowing 0.823 0.787 0.214 0.317 0.299 
Fungicide 0.660 0.002 0.335 0.001 0.557 
Population × Fungicide 0.544 0.244 0.008 0.470 0.436 
Mowing × Fungicide 0.594 0.963 0.264 0.467 0.231 
Population × Mowing × Fungicide 0.559 0.878 0.186 0.409 0.301 
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Table 7: Least square means of white mold recorded for main treatments in field trials 
conducted in Illinois, Iowa, Michigan and Wisconsin during 2017 and 2018. 
 
w = Mowing at 4V cut off the top node of the plant, removing the apical meristem. 
x = Seeding population in thousands 
y = Fungicide = applied with Endura® at growth stage R1 (beginning flowering) 
z = white mold not present 
Fung = Fungicide application 
a, b, c letters following means indicate significant difference at α=0.05 for each treatment main 
effect (mowing, population, fungicide) within each location. 
 
 
 
 
 
 
  Mowing w Seeding population x Fungicide y 
Year City, State 
No 
mowing Mow 80 110 140 None Fung 
2017 Ames, IA z . . . . . . . 
Arlington, 
WI 20.1 a 12.3 b 11.5 b 17.0 ab 20.0 a 15.6 a 16.8 a 
Mascoutah, 
IL z . . . . . . . 
Montcalm, 
MI 4.1 a 3.8 a 2.9 a 3.8 a 5.2 a 6.3 a 1.7 b 
Nashua, IA 28.1 a 14.0 b 22.2 a 17.8 a 23.1 a 23.9 a 18.1 a 
2018 Arlington, 
WI z . . . . . . . 
Mascoutah, 
IL z . . . . . . . 
Montcalm, 
MI z . . . . . . . 
Nashua, IA 4.1 a 1.9 b 2.3 a 3.7 a 3.3 a 2.7 a 3.4 a 
 Mean 17.3 11.3 8.5 13.0 17.3 16.2 12.4 
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Figure 1. Aerial image of experimental plots in Mascoutah, IL in 2017. The image was taken a 
few days after the mowing treatment was applied. 
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Figure 2. Ground image of the Ames, IA location 2 weeks after the cutting treatment in 2018. 
(Courtesy of Adam Sisson, 2017). 
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Figure 3. Aerial image of a soybean plot immediately after the mowing treatment was conducted 
in 2017.  
